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ABSTRACT

Computer simulation models have emerged in recenoades as
increasingly prominent technologies within the kabbf modern

democratic governance. Despite and/or becauseiotémtrality,

however, formerly ‘technical’ domains of modelingve been
opened up to new forms of public debate, scruting eritique,

with uncertain policy consequences. This paperetasuch

dynamics through one field of contemporary releearthe joint

evolution of simulation models and water manageméant
California. Rather than decrying the politicization debasement
of expertise, | argue that broadening the deliberabasis of

model design and use is likely to improve both téehnical and
political functioning of models. The paper conclsd® sketching
a model of ‘virtual accountability’ meant to inforthe actions of
future model builders, users, and stakeholder®iriested realms
of public policy.
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1. INTRODUCTION

Numeric models are as old or older than the praaifcmodern
science and government themselves. They have ltenge@d a
central role at the three-way interface of thealata, and action,
generating the sorts of hypotheses, predictiond, @oofs that
have become staple elements within liberal demiacragimes of
justification and public action [13, 34]. With tr@mergence of
digital computing, the role of models in sciencedan
administrative decision-making has taken a qual#atstep
forward. From physics and the bomb, computer sitiaria
techniques have spread rapidly through scienceysing and
public policy in the post-war period, most notalywvell-funded

domains where theoretical, observational, and éxpgertal roads
to knowledge have proven impractical, whether feasons of
cost, accessibility, or ethical sensitivity. Théseve included the
big (e.g. climate science), the small (e.g. genetgearch), the
remote (e.g. astrophysics, mineral exploration)e thastly
distributed (e.g. epidemiology, economics), and themanly,
ecologically, or politically fragile (e.g. medicaésearch, post-
proliferation nuclear weapons testing) [12, 16,23,31, 32].

Despite this remarkable growth, there has beeretétfe work
addressing simulation models palicy technologiesi.e. artifacts
whose technical shape, deliberative character, audblic
effectiveness are built and adapted through mutuiddirative
processes of technical and political refinementufiderstand this
dynamic, digital government scholarship must fim$wers to a
number of prior questions. What role have modetsecto play in
mediating the deep political and epistemic tensidraracterizing
such fields as environmental management and pollaitat
barriers and limitations have models encountered their
movement from academic and agency science intovtréd of
public deliberation and decision-making? How havee t
distinctive characteristics of that world acted lbagon the
technical work of simulation, influencing the desigistories and
affordances of the models themselves? Finally, vphascriptive
lessons can be drawn from these experiences t@ ghel future
work of model builders, users, and stakeholderscaontested
realms of public policy?

Drawing on scholarship in Science and Technologygigts (STS)
and the methods of the qualitative social scients, paper
addresses such questions through the medium ofigeescase
study: the technical and political evolution of amasimulation
models in California and the American Southwestd dheir
shifting place within the region’s high-stakes aften fractious
water management regime.

1 Principal fieldwork for this paper was carried obgtween
January 2003 and July 2005, and included ethnograph
observation and more than 60 interviews with madele
policymakers, and environmental, urban, and agdricall
representatives. For a more complete descriptibrstady
methodology and findings, see [18].



2. MODELSIN ECOSYSTEM SCIENCE
AND POLICY

Among the policy fields in which computer modeliftps
assumed a prominent post-war role, environmentehnse and
management have represented something of a pstéeat: they
have tended to draw on vast amounts of data sodircedhighly
distributed collection regimes; they deal regulaity large,
disparate, and complexly interconnected data sk, occupy
research fields in which the possibilities of exent or direct
observation are prescribed by constraints of tiseale, safety, or
physical access; and they have grown in partiglaese to social
movements and agencies with a strong pragmatiaesttein
prediction [12, 30]. Under such circumstances, nwobave come
to play significant and indeed multiple roles: frane shaping of
observation and experiment, to the synthesis ofelaand
disparate data sets, to the generation of numeedigiions and
forecasts [6]. In each case, model builders andsusave faced
significant challenges. Modeling work has frequgmVolved in
relative isolation from other analytic and fieldwotraditions,
leaving key model parameters, data sets, and fumalti
relationships incomplete, ill-documented, unevenaintained, or
otherwise underspecified [2, 10, 24]. Modelers ianm fields
have struggled to define appropriate relationsliptveen data
sets of radically varying types and quality, esakgciwhere real-
world functional dynamics — often the question efttal analytic
concern — remain poorly understood. Additional te€oal and
practical challenges greet efforts to define thprapriate scope
and granularity of simulation: how much of the (spibly vast)
world ought to be accounted for within the confinéshe model,
and what can be safely left outside of it? At wpaint does the
radical and fine-grained inclusion of variables abs the
analytic clarity, general comprehensibility, and agmatic
workability of models? Here, modelers have debéledrelative
merits of ‘fast-and-frugal’ models (marked by speeility,
access, and rapid evolution) versus their lardewes, and more
computationally intensive relatives [7].

Modelers have adopted a variety of strategies fmalidg with
such uncertainties. A first and obvious responss bheen to
measure model results against real world experjeadducing
direct or indirect evidence for and against thabdlity of model
results. But this check against external recomip& in concept,
may be surprisingly difficult to accomplish in ptige — not least
because models are frequently deployed preciselyeravh
possibilities of observational or experimental kfedge are at
their weakest. Under such circumstances, ‘cru@atst able to
conclusively confirm or disconfirm model results earin
remarkably short supply.

In response, model builders and users have tumedvariety of
second-order strategies to support the validityhefr claims. In
sensitivity analyses, modelers tweak variables iseguential
manner, measuring the degree of responsivenesseasitivity”
registered across key parameters of the systemsitbéies
deemed to be inordinate when measured in this wayindicate
the presence of artifactual properties likely tevgknodel results
vis-a-vis the real-world systems under study. Aoselcresponse
to uncertainty in simulation has been the histbriedibration or
validation exercise, where the model is evaluatanb@ling to its
ability to reproduce known results captured fronstdrical
observation. Under the simplest description of,tthie model is

loaded with the initial conditions and known inpdta for a
given period, run, and the results compared to historical
record. Alternatively, the period of calibration ynbe split into
two separate phases: an initial ‘tuning’ period,which model
parameters are adjusted until a good fit with mistd data is
achieved; and a second testing phase, in whichcteected
model is run and compared against the remaindéneofecord.
Models capable of reproducing known history wittasenable
accuracy are inferred to reliably mimic and projetite
performance of the system into the future. Modelged in this
way are frequently said to be “verified” or “valiga.”

Such second-order responses to uncertainty fadsgons of their
own, however. As Oreskes et. al. point out, in @sttto the
possibility of closure existing in formal logic andathematical
systems, the ‘systems’ of ecosystem science andageament
remain radically and inevitably open: input pareenet are
incompletely known, model elements remain subjeatricertain
scale effects, available data is of uneven quality coverage, and
the fit of model to world depends on a prior setutifmately
untested and unmodeled assumptions [1, 27]. Intipeacefforts
at historical validation as described above arerofn a strict
sense inconclusive, since model tuning constitaesordinary
and ongoing part of model life, limiting the degrfeautonomous
verification that may be said to follow from sucsfes replication
of the historical record. Even where the historivaltch is good,
the frequent non-linear character of earth systerhen combined
with the generally short periods and places for cwhgood
historical data is available (as compared to ttedescof time and
space at which models are often called upon toighedises the
problem that currently negligible mismatches betwe®del and
world may lead to significant divergences over timodels only
marginally wrong over the recent past may prove ke
significantly, even catastrophically, wrong whenojpcted far
enough into the future. Moreover, successful catibn does not
necessarily imply a ‘true’ or ‘realistic’ understing of
underlying causal mechanisms and dynamic; modelgpoaduce
the ‘right’ numbers for the wrong reasons, anddigamificance of
fundamental conceptual error may increase as thrsymoves
downstream in time. Beyond all this, the fundamieopenness of
ecological systems means there is no guaranteensagiture
changes in the system that might render modelsomeddy
accurate in replicating past and present obsemnatioesults
wildly inaccurate when projected into the futuréJnder such
circumstances, as Oreskes and Belitz observe,teffor train
simulations to historical data may exacerbate tmservative bias
of models by extending, sometimes without justifma, current
trends into the future. Similar dynamics govern theneral
exclusion of low probability events, whose colleetimpact may
further skew model results [28].

Such narrowly ‘technical’ challenges take on neve land
complexity as they travel beyond the immediate loiamies of
professional communities of practice. An importampetus for
the development of specific models and the grovithimulation
technique more generally has come from agencies patidy-

makers — themselves driven by changes in the gallitand
regulatory field wrought in large part by variousveonmental
movements — who have sought in models new and atative

bases on which to ground regulatory and policyoasti In this
regard, modelers work in a field simultaneously stoained and
constituted through the presence of what histooifascience Ted



Porter has described as ‘powerful outsiders’: fguirom beyond
the immediately technical realm who neverthelesertexa
significant influence over the shape and form of iternal
deliberations and practices [29]. One effect of fhositioning vis-
a-vis the decision requirements of the policy realay be to push
models in the direction of a steadily harder pridgdécstance, as
sharply bounded simulation results pass into thedtaf actors
for whom technical caveats, uncertainties, and rolimgtations
will remain at least opaque and perhaps an impetimoeefficient
decision-making. Under such circumstances, prexfistimay take
on an aura of finality that makes even their predsaineasy. The
fallibility or fragility of model knowledge may dippear in
translation, peeled away on the margins of thenseigolicy
interface. By virtue of such dynamics, model prédits, like
other scientific findings, will frequently appear ‘harden’ as they
travel outwards; in Harry Collins memorable phra&distance
lends enchantment” [9]. Where such dynamics aret ridly
developed (e.g. the climate change debates), tssténded to
produce an all-or-nothing public response to mazteHibility:
models are too frequently regarded as all rightlbwrong, with
little room for a nuanced and ultimately more helghgagement
with model strengths and weaknesses.

The upshot of all this is that the degree of cetyaiboth

professionally and popularly assigned to model ipteths may
be systematically distorted. As Oreskes et. ale,natutine terms
of art such as ‘verification’ and ‘validation’ maynislead,

particularly where restricted professional usageetrhe more
expansive and unqualified meanings generally asdigthese
terms in common discourse [27]. Under such conditio
assessments of fit and adequacy remain deeplytesitwxercises.
Competent and accredited professionals may wetl {eguently
do) arrive at different conclusions as to the vglidand

appropriateness of a given model application, evbere using
the same data. External stakeholders (e.g. fundenggrnment
agencies, scientific review panels, industry offisj public

interest groups, etc.) will bring criteria of fil gheir own, which

may contradict, but also significantly shape, theternal

deliberations of model builders and users. To tkeerg that
models (and model results) function as ‘boundarfeab’ shared
between multiple social and institutional worldssessing their
adequacy is an inescapably practical as well aswhr technical

affair [31, 33]. To the extent that models are seful, i.e.

embedding particular predilections or orientatiotos action,

questions of design are inextricably bound with sgie@s of

application. In this context, the central questioh model

evaluation is not ‘is it good?’ but rather “is ib@d enough for the
purpose?’ [15].

Under such circumstances, the contributions of riegiéo wider
arenas of public debate should be offered andveden a spirit
of responsible and critical humility [19, 20]. Atd end of the day,
as Oreskes and Belitz put it, “the most we cansdt isay that a
model is close to the state of the art (if it ig)at it has been
grounded in our best understanding of known napnatesses (if
it has), and that we built it on the basis of atamtd well-
constrained empirical input (if we did)” [28]. Thaodes of a
mature public encounter following from such an a#ian — what
| address under the language of ‘virtual accoutitgb+ remain
very much to be worked out.

3. MODELSAND WATER
MANAGEMENT: A BRIEF HISTORY

Computer simulation models made their first disgmpearance on
the California waterscape beginning in the 196Ppearing more
or less simultaneously within the planning and afiens

divisions of the California Department of Water Bases

(DWR). On the operations side, the build-out of thanaged
water network, with the addition of the State Wa&eoject to the
now nearly complete Central Valley Project, lech&aw technical
and organizational challenges around the coordinatf an

increasingly complex and inter-tied network. By imgr the

reservoirs in real time and developing computationadels and
monitoring protocols around the resulting datajgrboperators
could more safely manage the growing complexitiea multiply

inter-tied system. At around the same time, DWR Bndeau of

Reclamation planners began developing a seriegmétion and
accretion studies simulating the effects of varymgirological

conditions on streamflow and groundwater pattemghie all-

important Central Valley.

By the early to mid 1980s, these fledgling effdrtsl grown and
achieved a measure of standardization. Effortsirtk facilities

connecting through the State Water and CentraleydRrojects
were largely complete, with real-time managemefridrination

now converging on the Operations Control Cente8asramento.
Initial planning studies commissioned on a one-udisis had
morphed into two more general modeling framewoER&/RSIM,

used by the California Department of Water Res@itoemanage
the State Water Project; and PROSIM, used by theedu of
Reclamation in its Central Valley operations. Baydhe state
and federal models, many water agencies, irrigatigstricts,

municipal suppliers and academic modelers
simulations of their own. Some of these operatedioose
coordination with the state and/or federal modekffgrts; many
others were designed and run in isolation.

By the early 1990s, this heteronomy of models aodeters had
become a source of both technical and politicalalvifity. The

resolution of discrepancies between the state addrél models
absorbed increasing amounts of time and institatioesources.
A series of disputes between the DWR and local magencies
resulted in acrimonious hearings before the statgemboard in
which modelers on either side lined up to challetigeintegrity
and credibility of the opposing model. Such pulyhalred

rivalries within the still loosely defined professal circles of
modeling gave an increasingly restive set of exsleattors new
purchase on the previously opaque details of wakmagement
and engineering; environmentalists, agriculturalisind urban
users opposed to a particular policy stance adopyettie DWR

or Bureau of Reclamation were in some cases ablgotot to

other numbers and alternative conclusions reaclyedifferent

sets of formally accredited and apparently equédigitimate

analysts.

At the same time, under the weight of the new taztinpolitical
and institutional demands placed upon them, the theyacy

models of DWRSIM and PROSIM were beginning to break

down. At the level of design, the ‘spaghetti-codedhd
idiosyncratically-produced nature of this genematiof models
meant that few actors other than their originabtoes could be
said to understand their operation in enough détailecognize
and correct the frequent errors and inconsistenbasemerged in

developed



operation. This posed, among other things, a @nigersonnel
problem: as original modelers left the DWR or Burdar the
lucrative engineering consulting industry, governimagencies
found themselves in the embarrassing position ofgoenable to
understand and run their own models (short of gitiack their
own former employees at private consulting rate&).the same
time, the ‘hard-wired’ nature of the models (i.betneed to
specify elements and perform changes at the lef/@paque,
usually Fortran, code) made comparative analysedgrntaken on
the basis of models both awkward and time-intensive

Significantly, even such apparently ‘technical’ lplems were
embedded within and substantially owed to a widet of
institutional, political, and ecological transforiiams. For
instance, the comparison problems posed by thewiaed nature

of DWRSIM and PROSIM could be overcome, or at least

accommodated, within the relatively stable managenmand
policy regimes inherited from the 1950s and 60sdésnsuch
circumstances, the demands placed on the model nekvely
simple: maximize deliveries and give some constitardo power
generation, subject only to the constraints of di@mntrol. This
situation changed drastically as ‘environmentabims on the
system mounted, and in particular following the ssae and
enforcement of the National Environmental Protettidct

(NEPA) and California Environmental Quality Act (QB),

which made Environmental Impact Reviews part of lirguage
and responsibility of water managers throughoutstate. Now,
suddenly, comparative analysis was mandated by(basked by
activist pressure), and the previously only dimbyperienced
‘technical’ inadequacies of the models were madarimgly

apparent. Relatedly, the problem of spaghetti-apdioted above
as a personnel issue, reemerged under the presefirése

environmental movement as a fundamental problelegiimacy:

what faith should public actors place in a modelosé inner
workings remained opaque to all but the smallesidha of the
initiated, especially in cases where such modetsiged the
primary, even the sole, evidentiary basis for puldecision-
making? [18]

3.1 CalSim: consensus and controver sy

Faced with such pressures, the design, practiak,patitics of
water models in California underwent a series ofanant
changes in the early to mid- 1990s. Most impolyamtaditional
rivals DWR and BR agreed to cooperate in the jdatelopment
of CalSim, a new and widely-touted “consensus niodeht
would replace each of their aging proprietary meddit the level
of technical design, CalSim would correct many dfet
shortcomings noted in its predecessors: it woulddfewired (or
“data driven”) as opposed to hard-wired, lendingelit more
readily to the sorts of comparative and speculasitigies its
predecessors were ill-equipped to handle; it waiglkibw the
now-common coding principles of structured and obgiented
programming, allowing improvements in general rédidg and
new possibilities for modular development; it wourgtorporate
new and standardized user interface and file mamege
procedures that would ease the flow of data in antof the
model; it would be open source and, in principlesely
downloadable from the DWR website; and it would | pail
representations of data, including the model’s iatuoperating
rules and assumptions, from FORTRAN code to a rfieséble
and accessible natural language interface, keyedfaally to the

Collectively, it was argued, such changes wouldagong way
towards repairing the technical consensus arounderwa
management fractured by the disputes and discregsant the
eighties and early nineties. Converging on a commaalel, it
was also suggested, would realize new efficienoiescale by
coordinating the development efforts of DWR, BR amither
modelers around a single common object. As an blgeared
between agencies, CalSim would grow faster, mofieiexitly,
and more reliably [8, 11, 14].

Standing next to and supporting such technicalndaivere a
series of explicitly political appeals. The newlgem architecture
of CalSim, it was suggested, could contribute irtgaly to
public confidence in the tool, establishing a foah political
legitimacy that its predecessors had at first remded, and then
distinctly lacked. With this common understandimg place, it
was hoped, a substantial portion of the legal amditiqgal
controversies that had embroiled the system sinegise of the
environmental movement could be done away with, #mal
various parties (but most especially the managetise DWR and
Bureau) could get back to the work of the ratiomanagement
and distribution of resources. In this regard, @al@as touted as
the putative lynch-pin in a peace-through-scienettlesnent
promising to restore both order and a measure\wftgion the
California water system.

Underlying all of these hopes lay the common teepoliical
dream oftransparency Through such innovations as structured
programming, natural language interfaces, standeadifile
management procedures, and modular (object-orignted
development strategies, CalSim aspired to a lefvarahitectural
transparency far surpassing the opaque code @irddecessors.
Such innovations, it was argued, would improve rhoel@bility,
supportability, and cross-agency technical collabon. But if
transparency was an architectural virtue, it was al democratic
one: in the fractious climate of California wateslifics in the
early 1990s, the very ‘openness’ of the model -nogmirce, open
code, open documentation — was heralded as an tampaand
necessaryolitical accomplishment. On both the architectural and
democratic fronts, however, transparency was aigbagnd
tenuous achievement at best, consistently undednime the
challenges of data and organizational alignmenttaedin some
ways irreducible complexity of the system underrespntation.
More subtly, the principle of transparency, whilermenonly
presented as a solution to the absence of trustations, turned
out to depend on them. From this perspective, theetnal’
transparency of models rested substantially on ‘thiernal’
stabilization of its constituent parts through tipeincipled
agreement to leave certain assumptions and assef(fiecluding
the professional competence and good faith of rigtjiioners)
unquestioned. Absent this level of stabilizatios, subsequent
events would show, the promise of transparencgdaind models
could be rendered once again vulnerable to crifigispute, and
the real-world machinations of western water pedifi18].

4.0 THE TROUBLE WITH NUMBERS

4.1 The State Water Project Reliability Report

In August of 2002, the California Department of WfaResources
released a draft document with the apparently inoos title of
“The State Water Project Delivery Reliability Repbihe task of
the report was seemingly straightforward: to “pdavicurrent

conditions and practices of western water managemen information on the ability of the SWP to deliver tera under



existing and future levels of development, assurtiigiorical
patterns of precipitation” [3]. This exercise in edictive
modeling, undertaken using CalSim and the 73 vyesfrs
annualized data contained within the acknowledgedog of
record, was complicated by two contextual factdfsst, the
report itself grew out of (and was indeed manddtgdongoing
legal controversies surrounding the 1995 MontereyeAdments
to the State Water Project contracts, which enviremntal groups
charged with fundamentally over-stating the deliveaipacities of
the state water system — the aptly-named probleipaper water’
— thereby throwing open the door
unsustainable growth in the state. Second, receasged bills in
the California Assembly requiring private land depers and
local planners to demonstrate water supply religtiilventy years
into the future had essentially granted CalSim e ¢mly tool
deemed capable of making this sort of predictiche-weight of
law. Within this politically-charged climate, rea@mis to the
DWR'’s projections were swift. In written and verliaktimony
submitted as part of the Report’s public review aminment
period, the modeling on which the analysis was dhasas
attacked as deficient on a number of grounds: &linfj to
account for the potentially serious effects of die change on
regional water supplies; for its inadequate attentd water rights
senior to the State Water Project (including natireinicipal,
count-of-origin, and public trust claims) which ¢duimit future
deliveries through the state system; its insuffitieepresentation
of dynamics within both the federal portion of testem and the
conjoined groundwater system; and for its decistonhold
regulatory constraints on the system constant, tlailsg to
account for the likelihood of either future infrasttural
development that would increase project supply ciépaor
future endangered species claims that would effelgtreduce it.

Arguably, none of these detailed and somewhat artachnical
debates would have entered the public sphere,atexé it not for
two of the report’s central, and deeply counteuiiinte, findings:
first, that delivery reliability would actuallymprove over the
course of the 2001-2021 period, in spite of theaasing up-
stream demands placed on the system; and secatdhéhSWP
could be relied upon (at both 2001 and 2021 levels
development) to deliver water at levels that weme, average,
nearlyfifty percent highethan historic deliveries. In contrast to
real-world SWP deliveries hovering in the neightoath of
slightly more than 2.0 million acre-feet (maf) paar, the report
announced simulated deliveries ranging, on averfage, 2.96 to
3.13 maf (at 2001 and 2021 levels of developmersipectively).
By what logic, asked the report's many critics, htigthe
constraints on an already overtaxed and still égintg system be

expected toeaseover the next twenty years, at a moment when

virtually everyone in the California water commuynitvas
predicting and preparing for a much darker scenafigrowth,
shortage, and conflict? As one critic noted, sohwmw
incredulously, “We are asked to believe that the PSWill
reliably, on average, provide an additional milliaore feet of
water (50% greater than past performance). Thairfgn defies
logic and is inconsistent with the system’s actoatformance.”
[35].

These questions took on added political weight wisemator
Michael Machado, member of the powerful Senate Citt@enon
Agriculture and Water Resources, wrote to exprésshncerns.
Noting the widespread public backlash and tensigmosnding

to unrestrictedd an

the draft document and the modeling underlyingMgchado
argued that the report was ‘premature’ and urgedRDMY take
active steps to address the concerns and critideveted against
it. As noted by Machado, the stakes went well belythe report
itself:

* Local development could be hampered if, when
complying with SB 221 (Kuehl) and SB 610
(Costa) of California’s Environmental Quality Act
(CEQA), there are significant disputes over
current and future water supplies.

e Conclusions of CalFed's Integrated Storage
Investigations (I1SI) will be suspect given that the
same model is used in both the ISI and the SWP
Reliability reports.

« Future statewide bonds for increasing water
supply will be in jeopardy, if opponents can
credibly challenge the underlying analysis.

As a measure of his concern, Machado took the whistap of
asking the California Research Bureau, the reseamshof the

state library system, to produce a formal analgaid comment on
the report. The CRB commentary, drafted by AsstsBirector

Dennis O’Connor, constituted the longest and mostaitkd

intervention over the course of the SWP reliabilitgport

controversy, weighing — and in part endorsing —dlaéms of the
report’s environmental critié§26].

Dominating the public hearings and comment perisdfeared by
Machado and detailed in the CRB report, were pudiocerns
and criticisms around CalSim itself. These wegaaized around
two interlinked questions: first, the manifest (but
underacknowledged) limitations of the model in wws®shown up
in the specific context of the report’s productiamd second, the
credibility of models as policy tools more generaparticularly
where supplying the primary evidentiary input tdofic decision-
making. On the first point, critics were quick point out the
remarkable poverty of the model when it came toresgnting
important facets of the California water system estnotably,
surface-groundwater interactions and delivery duantnts
following unacceptable takes of endangered speafeproject
pumping facilities — that must play a significaoter in all future
projections of real-world supply availabilities. in#larly, critics
noted, CalSim assumed a level of order and prddliittain the
humanoperation of the system that was not always inlee;
complex operational rules and legal infrastructagde, the
various actors in the system, from DWR operatorsptoject
contractors, did not always follow the logics aatianalities that
the model (though in principle, also their opemtirand
contractual obligations) imposed upon them. This particularly

2 gpecifically, the CRB report questions the Deparitis
suggestion that the reason historical deliveridisvfall below
modeled results is that the contractors haven'uestgd their
full allotments in past; the apparent failure t@@mt for the
effects of upstream development (and thus consumpise)
under the 2021 scenarios; the weak representatfolkep
variables such as groundwater interactions; therejmncy
between CalSim monthly
projections associated with finer-grained daily isdand the
use of the model for predictive rather than comipaa
purposes.

results and the more modest



true when the stakes were highest (most notablgieudrought
conditions) when operators and other actors weqglired to

cobble together local responses to crisis thayetrdrom and

sometimes violated the formal operating procedilagsdown in

the model. For all these reasons, CalSim was togplsi too

narrowly framed, and entirely too thin to incorperthe degree of
nuance and complexity needed to reliably projeet rémal-world

futures of the system.

Beyond this, critics felt that the DWR was essdiytiasking them

to accepton faith the efficacy of a rather opaque technological

artifact to which they had been granted little effifee access, let
alone participation. Critique returned time anaiago the fact
that at the time of the report, CalSim had yetridargo anything
like the sort of rigorous external assessment itight establish
some grounds for its legitimacy, despite the faet fit had then
been in use for several years by analysts withindepartment,
the Bureau of Reclamation, and a number of infolyreffiliated
private consulting firms. Critic after critic natéhat CalSim had
yet to be tested against the historical recordniythang like the
sort of validation or calibration exercise typiyakxpected of
models in other domains of science and public IWéithout
knowing that the model could effectively reprodtice intensely-
observed history of water in California, why shouldose
suspicious of its claims (and the motivation ofsanaking them)
grant their assent? Similarly, critics noted, @alSad never
been reviewed in anything like a systematic wayahbyone other
than its creators and principle users within thgadenent, bureau
and a few hand-picked consultants. Given its edibtrto water
planning and management in the state, why hadfttraal peer
review been conducted? In the absence of thesativies and/or
the presumption of good faith on the part of thpadttment, there
appeared to be little left to compel general astetite model and
its claims. In this context, as one critic noteddenically, “’Our
model says so’ is not enough to base policy on].[35

By the end of the SWP reliability report public ament period,
the concern cited in Senator Machado's letter (pnidately
conceded by modelers and planners in the Departofevtater
Resources) had been borne out: passing more oquésdy over
the details of the report, public controversy hamine to rest
squarely on the credibility of CalSim itself. Imet process,
previously arcane details of model design and djperavere
discussed, debated, and sometimes challenged loys aaiell
beyond the usual core of modelers, engineers apdruamental
managers. Such events contributed to a larger nadoplublic
skepticism that disrupted and arguably put to thst hopes
associated with the peace-through-science settleroénthe
1990s.

4.2 The 2005 Water Plan Update

While concerns around CalSim and the credibilitynofdels more
generally were surfacing in the context of the SW#iability

Report, models were being opened up from a difted&rction in

the context of statewide water planning. The immaedienue for
this debate was the California Water Plan, a ovegyefive year
attempt to square the circle of California waterliqyo

synthesizing the starkly different interests ofiagtural, urban,
environmental, and other policy claimants into addle and
workable statewide management framework.

The most recent water plan update process, whitledsits draft
report for public comment in summer 2005 (a fullotwears

behind its legally mandated schedule) grew out phdicularly
acrimonious set of debates culminating in the Bittelivisive
water plans of 1993 and 1998. As the record of iputimment
reveals, commentators on the earlier plans diffetegiply as to
the nature of the crisis unfolding in CaliforniaorFa range of
environmental critics, planning was urgently reqdirto redress
the great ecological disaster long unfolding in Bay-Delta and
other areas of the state. For agricultural suppored some
urban water agencies, the crisis was preciselyrsede namely,
that the accumulated weight of population growthd an
environmental demand had rendered the water sugydtem
fundamentally unreliable and in particular vulnéeako future
fluctuations of the hydrological cycle. Not surjmigly,
respondents also varied in their estimation ashera/the elusive
‘new water’ needed to fix the California system \eboome from:
urban and agricultural contractors in the statédaolofor the most
part to new surface storage and conveyance fasilitivhile
environmental advocates argued in favor of so-dakeft path’
strategies, in the form of efficiency gains, strinservation
measures, and other sorts of demand-side manageinatggies
[36]. Complicating all these debates were the lomnreffects of
regional climate change, feared by many to redbee rtatural
system’s capacity to carry over winter precipitatiato the peak
summer months of agricultural, urban, and powersoomption.
[21].

These varied policy positionings, which cut to theart of the
future growth and development strategies of théesteturned
time and again to apparently technical disputesuradothe
description, quantification, and prediction of wat&cientific

understanding of groundwater depletion and rechargeesses
was appallingly bad, charged some commentatorglinigato

overdraft figures, projections, and overall waterances that
were little better than guesses. The plans sulialignt
overestimated future agricultural demands, charg®bers,

underplaying the effects of future efficiency gaarsd the water-
saving potential of continuing market-driven ‘agtbdan’

transfers. The plans similarly exaggerated futurbam uses,
others argued, which were based on demographiegiions that
failed to consider the potential dampening varialidéeconomic
recession, land price inflation, etc. In both sagbke failure to
assign real-cost pricing — i.e. modulating demamdjegtions
according to the rising prices that would (or skiguin the

absence of ongoing subsidies to agriculture) acemmyguture
water scarcities — significantly skewed both urlaad especially
agricultural demand in an upward direction. Estéaaof present
and future ‘environmental water’ needs — counted dise item
for the first time in the 1993 update — were argteele either too
high or too low, and in any case inadequately digeciand/or
based on a level of scientific understanding ineidfifit to justify

the large-scale restructuring of project delivefs.

It was against this acrimonious backdrop that wankthe current
water plan began. Vowing to redress the partioiyatailings of

1998, DWR retained professional mediation servicasd

expanded the plan’s official Advisory Committee 66 people,

including for the first time district level, tribadnd environmental
justice representatives. At the level of contemteé consequential
decisions were taken. First, in an effort to ackieolge the deep
uncertainties facing water prediction and managennetine state,
the controversial single figure “gap analysis” o&sp plans
(subtracting current supplies from projected neads, proposing



facility or management changes to redress the beJawas
dropped in favor of a ‘scenarios’ approach, in whithe

performance of the system under multiple future pyupand

demand conditions would be contemplated. Secontheirface of
widespread skepticism surrounding the Departmemixedures
for normalizing data into water year ‘types’, thelvisory

committee elected to work from real data sourcemmfrthree
recent water years: 1998 (classed as a wet ye&)), average”),
and 2001 (the driest on record since the 1987-1@&@2ight).

Arguably the most significant development, howewame with

the decision to abandon numbers altogether — berato put off
the thorough processing of them until later stagfake plan. In a
sharp departure from prior plans, Bulletin 160-03.:d be issued
sequentially, with a policy-focused first phase alibéng the

current system state and describing general gdaerénd potential
policy stances, a second tool-building phase dstdbb in more
detail the precise approaches to be taken in dyengi the

system, and a third phase in which the qualitaseenarios
outlined in phase one would be populated with catd at last
calculated out. There were some immediately praignagsons
for adopting this strategy. By early 2003, the pleas far off its

timeline and showed little or no hope of hitting gcheduled
release date at the end of the year; the turno¥eseaior

personnel within the Department following the gutztorial

recall election of 2003 had recently introduceditholdal delays

and uncertainties. There was also some sense,dskaneng

DWR officials and advisory committee members inealvin the

planning process, that putting off the zero-sum eaof

calculation, like the scenario decision beforenidy have softened
the sharper edges of interest group conflict aedefiore played a
role in keeping stakeholders committed and engagedhe

planning process.

At the most basic level, however, the decision teppre and
release the plan in stages was owed to widespesatvations
around the quality and trustworthiness of numb&tsough the
early stages of planning, the broad lines of quainie
disagreement, like the political split more gengrafollowed
those laid down in the aftermath of the 1998 pEmvironmental
groups contested DWR procedures for calculatingamiriand
agricultural demand (in particular, its utter negleof price
signals), pushed for new ways of calculating theings to be
achieved through urban and agricultural efficieranyd urged the
state to adopt beneficiary-pays and true-cost migrinciples.
Agricultural groups and urban suppliers argued thatnumbers
on “new water” produced through urban and agricaltu
efficiency improvements were wildly optimistic, arsliggested
that many of the ‘soft’ gains to be had by such snees had
already been achieved during the 1987-1992 dro(iet so-
called ‘demand hardening’ argument). Agricultural
representatives argued further that such projestionplicitly
endorsed an expanded and ultimately short-sightegkam of ag-
to-urban water transfers that would leave the statble to meet
its own ‘food and fiber’ needs within the foreseleafuture. By
2003, as the plan’s official delivery date nearadmeric and
political tensions on the advisory committee deeplerfrollowing
early efforts to avoid the traditional sectionalitspnto farm, city,
and environment — as one respondent later notesl were trying
at the start to not go positional” — around the dtedof 2003 the
committee regrouped itself into caucuses, with espntatives
now speaking on behalf of the traditionally-ideietif groups.

Through this process of asserting and disputingatiiequacy or
otherwise of specific numbers, the advisory conmesityradually
came to a more general awareness of the limitspanblems of
data and models in general. In 2002, following wjatead
expressions of concern within the advisory committerer the
credibility of the models on which the 2030 projent were to be
based, several members of the advisory committemeid a
Modeling Work Group, dedicated to the task of explp and
reporting back to the group on the strengths amitdtions of
available data and modeling frameworks. In Sep&r2b02, the
group prepared a formal modeling proposal
subsequently adopted by the advisory committeecolmtrast to
the technocratic certainty characterizing the lagguof previous
water plans, the advisory committee statement Istaupointedly
skeptical note. While acknowledging that the “prepd models
have some constructive role to play in Update 2008 work
group cautioned that “the potential exists for pplmakers and
the legislature to misuse modeling data, which ssitates
judgment in releasing select results and identifyimodel
limitations” [5]. Beyond this,

Models are inherently uncertain. Any
decisions based on models should include this
caveat. All models in Update 2003 have
limits: DWR staff and the Advisory
Committee will identify those limits in the
main plan’s text and provide details in the
appendix. The Advisory Committee will bear
such limits in mind and reflect on
improvements when interpreting the results of
model runs. [5]

Far from a ringing endorsement or a blanket condeimm, the
response of the advisory committee to the presentabf DWR
modelers was both critical and pragmatic. The nemlof the
committee (and in particular its modeling work gspuwere
willing to acknowledge the usefulness of modelsaagotential
input to policy-making, but were not willing to gratheir assent
on faith, or to cede to model results the prepaamteweight in
future water decisions. In the face of such ongaingertainty,
advisory committee members were urged to rely oairth
“collective wisdom,” and treat the predictive claimof the models
with a degree of informed skepticism.

Such skepticism also became the occasion for aafuedtal
rethinking and the beginnings of a redesign of 8iate's
modeling infrastructure. As members of the workgrowted, the
existing suite of models and numeric analysis toalas
significantly, perhaps even dangerously, misaligwét the sorts
of questions water managers and public decisiorensaln the
state were increasingly being called upon to addrés one
advisory committee member noted in a letter tocthramittee,

Most planning analysis and data collection for
California’s statewide water resources were
developed for an era of large-scale water
facility development. Our analysis capability
continues to specialize in the operation and
planning of the large State and Federal water
projects. Most analysis largely neglects the
local and regional activities which are the
hallmark of current water management, such
as water conservation, conjunctive use of

which was



ground and surface waters, water transfers,
and wastewater reuse. [25]

On this basis, “DWR'’s data collection and analysagabilities
must be substantially re-directed and re-engineéveck-orient
DWR planning to aid, support, and integrate loaadl aegional
efforts.” [25]

In the end, the perceived weakness of the availabiebers and
models led the advisory committee and DWR planriershe

three-phase approach noted above: they would peoaytan, but
it would, at least in the interim, contain very fewmbers, and
certainly none of the summative sorts of numbessaiated with
things like the reviled ‘gap analysis’ of past Hat the same
time, work would begin on a second phase, in wiiatient data
and model deficiencies would be identified, and gloange
approaches to correcting these undertaken. Arnmgdthe new
numbers and tools, the plan’s third phase woulsit‘cost out’

numerically the scenarios generated qualitativaelyphase one.
The draft of the long-awaited plan’s first phasesweleased for
public comment during the summer of 2005 (wheredjmtably

enough, its lack of numbers came up for regulaicsim). The

third and final phase is now projected to arrive208 — five

years late, and in precisely the year tiext water plan was to
have been delivered.

5.0 VIRTUAL ACCOUNTABILITY

The efforts of the water plan advisory committed @s modeling
workgroup represent only one part of a larger etimaddress and
restore the credibility of models and modeling gsut to public
policy that has been arguably damaged by recerttm@rsies in
California water management. Stung by criticisnteieed during
the Monterey Amendment / SWP Reliability Reporttcoversies,
the DWR, acting in conjunction with the Bureau afdRamation,
has taken several steps to address at least the imoediate
concerns of its critics. In 2003, the DWR issueel fihdings of its
Historical Operations Study, the most serious gitetm validate
CalSim vis-a-vis the historical record to date. Ring the model
against operating logics, streamflow data, and waldivery
records from 1975-1988, the study authors arguatl@alSim in
fact performed remarkably well, returning Delta ftow figures
that differed on average by only 7% from historigalues, and
hitting within 5% during the crucial drought periad 1987-
1992. On the question of groundwater, where hatd das (and
remains) notably lacking, CalSim was tested agaihst more
detailed representation contained within the Céniralley
Groundwater Surface Water Model and found to beadiso
though not perfectly, compatible [4]. In March 200BWR
officials presented preliminary results from thesffilarge-scale
CalSim sensitivity analysis, in which the model iagaerformed
reasonably, though not perfectly, well.

In arguably the most significant development teedat 2003, the

Colorado River transfers; attention to questionghd traditional
supply concerns was weak or non-existent; the idiged

character of model development within and beyoredabencies
raised important questions of versioning, consisteand quality
control; the model's understanding of real-worldergtional
dynamics and decision-making was grossly and umpdably

simplified; and despite apparently real and laueaspirations
towards openness, insufficient effort (in the forrof

documentation, user-friendly interfaces, user supppublic

workshops, etc.) had been devoted to making theemezhble or
even comprehensible beyond the confines of a faatyow circle
of experts [8, 14].

As this list of design responses to controversyd (agheir

shortcomings) may begin to suggest, the real-wchialenges of
‘modeling democratically’ within realms of complexd bitterly
contested public policy are immense. Moreover, thepjll

regularly and confusingly beyond the confines ofraight’

technical practice into broadly sociological regist of trust,
confidence, and credibility which modelers and watenagers
are ill-equipped by training to deal with (thoughamy have
gained considerable practical skill in this regardnder such
circumstances, technical ‘fixes’ to political prebis are likely to
fall short of their goals (as indeed are ‘sociobadji responses to
hard technical concerns). The challenge, as alwiay$y work

across the two sides of this divide simultaneously.

What might an appropriately deliberative solutiondar such
circumstances — what I'm describing under the laiggu of
‘virtual accountability’ — entail? First, it shoulde noted that
other modeling frameworks, some more supportivstaieholder
deliberation, may be identified. ‘Gaming’ modelsvlabeen
developed and successfully deployed in severadiings as an aid
and heuristic to contentious group decision-makjmgcesses.
‘Screening’ models (including periodic calls for@alSim-lite’)
may be developed and deployed in forms that seeréidegree of
analytic precision and granularity, but may gain broader
stakeholder accessibility and general analytic difedss. Neither
of these approaches could entirely supplant theiphelfunctions
CalSim is currently called upon to perform; but ytheould
perform at least some of those functions in a ndeléeratively-
supportive and ultimately effective manner.

Second, as noted by respondents to the CalSim seezw,

modelers could also do more to build effective publkcess to
their tools and findings, through better documeotatinterface
development, public training and information sessjcand other
sorts of mechanisms. Some of these are alreadyrwagee.g.

regional review workshops fielding public commemnound the
representation of particular system componentsinvithe larger
CalSim architecture. This sort of public investmantwhat we
might think of as ‘translation goods,’ ought to bedertaken as
democratic as well as purely analytic investments point that

CALFED Science Program (responding to DWR requests) funding realities and structures within the DWR everently ill-

undertook the first large-scale (if still limiteg)eer review of
CalSim, conducted by seven ‘external’ experts chdee their
long experience in water operations and simulatimaeling. The
results of the review were mixed: while endorsihg overall
technical soundness and general approach of thelnfodhising
in particular CalSim’s open source and consensildibg
ambitions), a wide range of reservations were eqag:

geographic coverage in the model was weak and lyotab

incomplete, in particular with regard to Southeralifornia and

equipped to accommodate.

3 Notably, funding for CalSim is organized under tpeoject’
side of the DWR organizational hierarchy, concerpgcharily
with the planning and operation of the State WRtject and
only secondarily with the wider concerns aroundewatolicy
and participation traditionally housed in the Depant's
planning division.



Third, as painful and inefficient as it may sometfirbe to move
beyond the measured world of technical decisioningglserious
and sustained efforts at broad public engagemearh ske most
promising road to the longer-term goals of wideagrenodel
literacy and trust that in the end will be neededsustain and
extend the viability of modeling as a policy tectogy. Important
early movements in this direction may be identifiedhe work of
the water plan advisory committee. Until Califoreiawater
problems go away and/or simulation modeling actiewan

unquestioned sophistication and place within thetlpeon of
credible policy knowledges — neither of which sediksly to

happen anytime soon — ongoing efforts to engagesacthe
technical-public divide remain the most likely lotegm strategy
for building trust, confidence, and legitimacy -dautimately an
effective and democratically sensible water policy.

Beyond their immediate implications for simulatiorodeling in
the water policy context, the story sketched alspaaks to issues
of wide and growing digital government concern. Whthe
entrenched conflicts, high stakes, and deep urnoBes
dominating California water policy may make this amusually
intense laboratory for the observation of simulatio action, it is
by other measures an old and entirely unremarkstolg: actors
on all sides of the California water debate arebw well-versed
in the challenges of performing technical work impalitically
fraught field — the ever present challenge of what described
elsewhere as ‘doing hard politics with soft numb§t8]. This
common tension and dynamic has yet to receive hberétical
elaboration it deserves, in either the digital gaweent or more
general public policy literatures.

There are also evolutionary dynamics worthy of tdigi
government and broader public policy note. In eaththe
controversies sketched above, the apparently teghrart of
modeling was opened, however awkwardly and painfulb
review and criticism beyond its immediate circleexpertise. In
the process, public light was cast into areas attire formerly
ceded almost entirely on trust to a domain of pmsifenal
expertise. This occurred not through any abstramfion of
participation or transparency (though it has clearid regularly
drawn on such resources), but rather through thel tad
contingent work demanded in complex and contentymlgical
settings. In this regard, the exigencies of thétipal field brought
out, exploited, and in some measure created |atstdbilities in
the technical field. But once opened, such contige were not
easily or quickly resolved, precisely because efrttendency to
spill across the conjoined worlds of technical aotitical action.

Second, despite the arguably distinctive intensitthe California
water case, the general presence of simulatiors taiothe center
of contested domains of public policy seems unjikel decrease
in future (though given the challenges and insii#dsl noted

above, this is not a foregone conclusion). The drapind

comparatively recent development of simulation teghes and
their generally speedy diffusion through the polfigid to date
would seem to suggest that ‘model knowledges’ —chkmsions,

predictions, and other assertions of fact drawtlypar primarily

on the basis of computer simulations — are likelfigure as more
rather than less significant policy technologiesfuture. Under
such circumstances, the sorts of model literacyoeated above
may become an increasingly important attribute skilétset, both

within digital government scholarship and democratolities

more generally.

Third, as the case study suggests, the work redjtirduild and
sustain models as meaningful objects in the wasldes in many
forms: conceptual, mathematical, and computer-habatl also
organizational, political, and broadly sociologicahe latter is
sometimes treated as an add-on to the real wornnaieling,
perhaps necessary but fundamentally distinct frbentechnical
work of building and running the ‘models themsely@asform of
what we might call ‘code realism’). In the world Gfalifornia
water modeling, however, such distinctions are taard arguably
becoming harder to maintain. As the field studgedhabove will
begin to suggest, it turns out to be extraordigadifficult to
assign where, precisely, the work of modeling begind ends.
Can a model be reduced to code? To data? To thesdiate
network of designers and decision-makers that basid use it?
To the wider networks of trust and credibility tlsitk or sustain
its claims? The diversity of ecologies within whiofodels build
and hold meaning give them, like other many othemmex
artifacts, a considerable degree of ‘ontologicalagf that is
neither easily nor obviously reduced. Effective elot, like
other instances of technical work in the policynaremust attend
to this diversity by meeting head-on the full rarafetechnical,
institutional, and broadly sociological conditiotiet enable and
constrain its work.
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